Before the strength tests, the samples were subjected to aging for different times at the temperature of 1000°C. The UTT were performed using the ARAMIS optical displacement measurement system and acoustic emission in order to determine the load value at which the TBC cracking is initiated. In order to analyze the level of damage of the protective layer structure the scanning electron microscopy (SEM) observations were carried out. The thermally grown oxide (TGO) layer thickness was measured and the function describing its growth depending on the aging time was determined. The different types of damage which arise as a result of a combination of different aging times and different levels of mechanical stresses were also described. Energy dispersive spectroscopy (EDS) analysis was performed by specifying the content of chemical elements in each layer, which allowed to observe the phenomenon of diffusion due to aging. Micro-hardness test of each layer of the TBC coating became the basis for determining of the elastic properties used in the finite element method (FEM) simulations. v The numerical solution of the thermo-mechanical response of the stationary and rotating turbine blades requires CFD and CSM analyses:
• Thermal loads of stationary blade were determined on the basis of CFD simulation, taking into account both the exhaust gas and cooling air flow. The obtained non-uniform temperature fields constitute a basis for determining of the thermal stresses resulting from the difference in thermal expansion coefficients of the blade and ceramic layer materials. • Numerical calculations were performed for the rotating moving blade subjected to a centrifugal and thermal loads force in order to determine the critical places of the blades from which the cracking process initiates.
The obtained results provided the basis for building a more advanced FEM model with application of the extended finite element method (X-FEM) technique. This advanced method allows for introduction of the material cracking to trace trajectory of the major crack in relation to rotational speed of the blade with a TBC layer. The exact analysis of the cracking process is possible by application of the submodelling technique, which allowed for separation from the global model a critical fragment of the blade with the highest stress concentration. Introduction of much more dense FEM mesh leads to more precise description of the failure blade process.
The formulated conclusions in this book can be useful for the application of this new methodology in airplane industry.
